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Antagonistic Streptomyces spp. were isolated from marine and mangrove sediment samples collected off Cochin, 
along the southwest coast of India. Sediment samples were pre-treated and following the soil dilution technique, samples were 
surface plated on starch casein agar and actinomycetes isolation agar. In the primary screening, 7.4% of presumptive 
actinomycetes (135 isolates) showed antibacterial activity against one or more bacterial fish pathogens and 3.7% of these 
cultures showed broad spectrum activity against the tested pathogens. Morphologically white powdery colonies with chalky 
white /grey appearance were selected as presumptive Streptomyces cultures. Isolates subjected to biochemical, physiological and 
16S rDNA characters revealed the presence of three species of Streptomyces dominated by Streptomyces tanashiensis followed 
by S. viridobrunneus and S. bacillaris. Isolates characterized by 16S rDNA indicated the presence of 650 bp band in 
Streptomyces spp.  Primary screening for activity against selected fish pathogens was done by a cross streak method using 
modified nutrient agar medium. Prominent isolates showing high zone of activity against the fish pathogens ranged 17-35 mm by 
the paper disc method. Enriched broth of selected isolates showing high antagonistic activity was screened for pharmacologically 
active agents revealed ethyl acetate fractions to be active against selected microbial pathogens. 
[Keywords: Actinomycetes, Streptomyces, sediments, 16S rDNA, PCR ] 
Introduction 
Disease control and management in the 
fish culture system has become one of the major 
problems as the fish bacterial pathogens are 
becoming more and more resistant to the 
conventional therapeutic drugs used in the 
industry causing heavy financial losses to the fish 
farmers. The need of new antimicrobial agents 
from marine origin is greater than ever because of 
the emergence of multidrug resistance in common 
pathogens1. Previous studies revealed that marine 
derived antibiotics are more efficient at fighting 
microbial infections because the terrestrial 
bacteria have not developed any resistance against 
them2.  Actinomycetes spp. are generally 
considered as a good source of antibiotics and 
bioactive molecules and thus considered to be a 
rich biological resource 3-5.  
Streptomyces is one of the largest genus 
of Actinobacteria and the type genus of the family 
Streptomycetaceae6 with over 500 species in it7 
characterized by a complex secondary 
metabolism8. They produce over two-thirds of the 
clinically useful antibiotics of natural origin (e.g., 
neomycin, chloramphenicol, streptomycin, 
gentamicin, etc.)9.  Nearly 9,500 antibiotics from 
actinomycetes have been reported by 2008, of 
which 85% are reported to belong to the genus 
Streptomyces producing prolific active secondary 
metabolites10. But members of the actinomycetes 
from marine and mangrove origin are poorly 
understood and only few reports are available11-13. 
Many reports from India stated that, the east-coast 
area is a major source of streptomycetes14-18 but, 
only a few reports are available pertaining to 
streptomycetes diversity in west-coast of 
India13,19.  
Antibiotics and other chemotherapeutic 
agents are commonly used in fish farms either as 
feed additives or immersion baths to achieve 
either prophylaxis or therapy. Historically a large 
percentage of the world’s natural antibiotics have 
been found in a group of micro-organisms known 
collectively known as Streptomycetes. So, there is 
a need for the search of novel bacterial strains or 
bio-active compounds with therapeutic potential 
which can be used to control the bacterial disease 
in an eco-friendly manner in aquaculture. In the 
present study, actinobacteria belonging to the 
Streptomyces genus were isolated from marine 
and mangrove sediments collected off Cochin 
along the southwest coast of India and 
characterized based on the morphological, 
biochemical, physiological, 16S rRNA partial 
gene sequencing and secondary metabolites were 
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tested for antagonistic activity against the 
bacterial fish pathogens. 
Materials and Methods 
Sediment samples were collected from 
Mangalavanam mangrove area and marine 
sediment from three different depths viz., near 
shore (1-2 m), 10 m, and 20 m located off Cochin 
waters along the southwest coast of India for a 
period of one year during 2011 by using sediment 
sampler grab (Van Veen grab). Sampling stations 
were located in the Arabian sea off Cochin at the 
following Latitude 9.96°67’ N, and Longitude 76° 
21’ E. Approximately 100 g sample from the 
surface of each grab was collected from each site 
in a pre-labelled sterile containers and transported 
to the laboratory in aseptic conditions.   
After sample collection, it was mixed 
properly and divided into four portions of 30 g 
each. One of the sample was treated with CaCO3 
(10:1w/w) and the other was processed without 
treatment and both these samples were given pre-
heat treatment at 50 oC and 70 oC for a period of 
15 min. After treatment, 10 g sample from each 
site was diluted with 90 ml 50% seawater and 
serial dilutions were made upto 10-6.  About 0.5 
ml of diluted sample was plated onto starch casein 
agar (SCA) and actinomycetes isolation agar 
(AIA) (Himedia, Mumbai, India) by the spread 
plate technique and incubated at 28 oC for the 
isolation of Actinomycetes.  The SCA and AIA 
medium were supplemented with cycloheximide 
(CH: 80µg  / L) and nalidixic acid (NA: 25µg  / 
L) to prevent bacterial and fungal contaminants. 
Plates without CH and NA served as control to 
assess the effect of these chemicals.  Petriplates 
were incubated at 28 ± 2 0C and were observed 
for bacterial colonies from 4th day onwards upto a 
period of 20 - 40 days. Presumptive Streptomyces 
colonies with powdery appearance were picked 
out and purified by repeated streaking on yeast 
malt extract agar medium (ISP No: 2). Purified 
cultures were maintained in ISP No: 2 agar slants 
for further investigation.  
The potent Actinomycetes isolates giving 
broad spectrum activity were characterized 
according to the recommendations of 
International Streptomyces Project (ISP) 20 based 
on morphological, biochemical and physiological 
methods.  Morphological method consists of 
macroscopic and microscopic characterization. 
Macroscopically the actinomycetes isolates were 
differentiated by their colony characteristics viz., 
size, shape, aerial mass colour, reverse side 
pigments and melanoid pigments in yeast extract 
and malt extract agar. For the microscopy, the 
isolates were grown by coverslip culture method 
21. They were then observed for their arieal, 
substrate mycelial structure and spore formation 
under light microscope (100X). The observed 
morphology of the isolates was compared with the 
Actinomycetes morphology provided in Bergey’s 
Manual for the presumptive identification of the 
isolates.n  
For physiological and biochemical 
characterization, their growth on media having 
four different concentrations of NaCl (2%, 5%, 
7% and 10%), pH (5, 8, 9 and 10), temperature 
(15, 25, 37 and 42oC), utilization of eleven 
different sugars and fourteen biochemical 
properties were studied following standard 
methods 20,22-23.  
Antimicrobial activity was determined by 
cross streak plating as described by Lemos et al.24 
using the standard strains Vibrio 
parahaemolyticus ATCC 17802, Vibrio vulnificus 
MTCC 1145, Vibrio alginolyticus MTCC 4439 
and few cultures confirmed as bacterial fish 
pathogens were collected from Central Institute of 
Brackishwater Aquaculture (Aeromonas 
hydrophilla, V. anguillarum A1, V. anguillarum 
O1, Vibrio harveyi 101). In brief, the test 
streptomycetes culture was streaked in the middle 
of the petridish poured with modified nutrient 
agar medium (glucose 0.5 g; peptone 0.5 g; beef 
extract 0.3 g;  NaCl 0.5 g; agar 1.5 g; distilled 
water: 100 ml) and incubated at 28 ± 2 0C for 3-4 
days. When thick growth of the culture was 
observed, young cultures of the test pathogens 
were streaked at right angles to the actinomycetes 
and all the plates were incubated at 28 ± 2oC for 
24 h and inhibition zone (mm) was measured, 
simultaneously control plates were also streaked 
with the pathogens without the streptomycetes 
culture. 
Isolates that showed activity against the 
test microorganisms were streaked on the nutrient 
agar plates supplemented with 1% NaCl 
(Himedia) and incubated for 6-7 days at 30 oC. 
Spent agar was pooled from all the plates and 
extracted with different solvents (chloroform, 
methanol, alcohol, ethylacetate) 1:1 (v/v) and 
shaken vigorously for 2-3 h for complete 
extraction. The solvent was decanted and filtered 
and passed through sodium sulphate and filtrate 
was collected and concentrated in a pre-weighed 
vial.  Solvent phase contains antibiotic substances 
separated from aqueous phase was used to 
determine antimicrobial activity. The crude 
extracts were resuspended in methanol at 
concentration of 1mg per ml for antimicrobial 
studies. Sterile filter paper discs 6 mm in diameter 
(Hi-Media, India) were impregnated with 50 μl 
(50 μg crude antibiotic) suspension, dried and 
placed onto the plates previously seeded with the 
test microorganism. Then the plates were kept at 4 
°C for at least two hours to allow the diffusion of 
crude extracts. Then they were incubated for 24 
hours at 37 °C and the diameter of inhibition zone 
were measured. Each test was repeated three 
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times and the antibacterial activity was expressed 
as the mean of diameter of the inhibition zones 
(mm) produced by the secondary metabolite when 
compared to controls14. 
Streptomycetes cells were harvested by 
centrifugation, and cell pellets were suspended in 
TEG buffer (10 mM Tris HCl, 1 mM EDTA, 
glucose 0.1mM, pH 8.0) and cells were lysed with 
lysozyme. Samples were treated with sodium 
dodecyl sulfate (SDS: 10% (w/v)) and incubated 
at 30 °C for 10 min. DNA was purified from 
proteins and other cellular constituents using an 
equal volume of  chloroform-isoamyl alcohol 
(24:1) followed by the addition of  phenol: 
chloroform-isoamyl alcohol (25:24:1, by volume) 
& centrifugation (10,000xg) for 5 minutes after 
each step and DNA was precipitated by chilled 
absolute alcohol (2 volume). DNA pellets was 
washed with 70% (w/v) ethanol before drying 
under vaccum. The purified DNA was 
resuspended in TE buffer, quantified by 
absorption spectrophotometry at 260 nm and 
stored at -20oC until further use. 
PCR targeting for 16S rDNA partial gene 
sequence with specific primers (forward: 
5’CGCGGCCTATCAGCTTGTTG3’ and reverse 
5’CCGTACTCCCCAGGCGGGG3’) of 
actinobacteria was performed from the isolates as 
described previously25 using a thermocycler (Bio-
rad Mastercycler Germany). In order to find the 
correct annealing temperatures for this pair of 
primers, gradient PCR was carried out in a Bio-
rad thermalcycler. PCR amplification was 
optimized in a total reaction volume of 25 µl 
consisting of sterile Milli Q water (18.7 µl), PCR 
buffer (2.5 µl), each primer (1.0 µl), dNTP mix 
(0.5 µl, 200 mM), template (1 µl), and Taq DNA 
polymerase (0.3 µl). The components were mixed 
well and the PCR amplification of the target 
sequence was arranged in a thermocycler (Bio-rad 
Mastercycler, Germany), and programmed for 35 
cycles of amplification. Each cycle consisted of 
three step reactions i.e., initial denaturation (94o 
C, 5 min) followed by 35 cycles of denaturation 
(94 oC, 1 min), annealing (62 oC, 1 min) and 
extension (72 oC, 1 min) followed by final 
extension (72 oC, 5 min).  PCR products were 
resolved on agarose (1.5% w/v) gel 
electrophoresis. The gel was stained with 
ethidium bromide (0.5 mg/ml) and visualized 
under a UV transilluminator (Gel Doc 2000 Gel 
Documentation System from Bio-Rad 
Laboratories, USA). GeneRulerTM 100 bp DNA 
Ladder (MBI Fermentas, USA) was used as a 
molecular size marker. PCR products were eluted 
as per the procedure given in Gel extraction kit 
(Sigma GenEluteTM Gel extraction kit cat. No. NA 
IIII).  
The PCR products after eluting were 
sequenced using an ABI 3730 Automated 
Sequencer (Applied Biosystems), and the 
sequences were edited using the program 
BioEdit26 and submitted to the BLAST function of 
GenBank to check their homology with the 
published sequences. The 16S rRNA gene 
sequences were aligned using CLUSTAL-X 
software27 in the program BioEdit26. A neighbor 
joining28 phylogenetic tree was generated using 
MEGA 4.0 software29, with a bootstrap analysis30 
of 1,000 replicates; a distance matrix was 
generated using Kimura’s 2-parameter model31. 
Finally sequences were edited and submitted to 
NCBI (Sequin software) for their accession 
numbers. 
Results 
The sampling site off Cochin is located 
on the southwest coast of India (Latitude (N) 
9.96º` and Longitude (E) 76º27`). A total of 135 
strains were isolated from the mangrove and 
marine sediment samples at various depths (1-2 
m, 10 m and 20 m) and designated as MSA1-
MSA135 based on their colony morphology 
observed on the master plate. Presumptive 
colonies of streptomycetes started developing on 
the petriplates from the seventh day onwards and 
counting was done for a period of 28-40 days.  
Population density of streptomycetes varied with 
sample treatment and culture media used for 
isolation. Colony size varied from small to 
medium, powdery, and colour varied from chalky 
white and grey (Figure 1A – 1D). 
 
Fig. 1.Pure culture of Streptomyces spp. isolated from marine 
sediments. A: Filamentous Gram Positive colonies of 
Streptomyces observed under oil immersion light microscope 
(100X); B: streak plate showing pure culture of Streptomyces 
powdery white colonies; C &D: Streptomyces colonies 
observed under stereozoom light microscope 
Samples which were given pre-heat 
treatment at 70 oC for 15 min yielded more 
number of isolates, when compared to treatment 
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at 50 oC for 15 min or air drying and treatment 
with CaCO3. But the samples treated with CaCO3 
were found to give potent streptomycetes isolates. 
SCA yielded more isolates when compared to 
AIA along with the various pretreatment 
techniques. So, a combination of treatment was 
standardized i.e., samples were treated with 
CaCO3 and isolated from SCA were found to 
yield more potent isolates from the marine origin. 
In the primary screening only ten isolates 
MSA4 (R1), MSA17 (R2), MSA36 (R3), MSA44 
(R4), MSA59 (R5), MSA63 (R6), MSA84 (R7), 
MSA111 (R8), MSA123 (R9), MSA134 (R10) 
were found to give antimicrobial activity against 
one or two bacterial pathogens (Figure 1E, 1F). 
Of the ten isolates 6 active isolates (R4, R6, R8, 
R9, R10, and R1) were obtained from mangrove 
sediment and rest from marine sediment (R2, R3, 
R5, and R7). Among the ten isolates three isolates 
from mangrove sediment and two from marine 
sediment (MSA44 (R4), MSA59 (R5), MSA84 
(R7), MSA123 (R9), MSA134 (R10) ) were found 
to give broad spectrum activity (zone of 
inhibition: 17- 35 mm) against all the selected 
aquaculture pathogens (Table. 1). These isolates 
were selected and characterized both by 
conventional biochemical and molecular methods. 
All experiments were done in triplicates. 
Maximum active cultures were obtained from 20 
m depth followed by 10 m depth and none of the 
cultures obtained from nearshore region were 
found to have broad spectrum activity. Four 
cultures showing broad spectrum activity were 
obtained from 20 m depth and one such culture 
was from 10 m depth (Figure 2A-2D). 
 
Fig. 2.Primary screening of presumptive Streptomyces 
cultures by cross streak method against test pathogens for 
antagonistic activity 
These isolates exhibited a marked 
antagonistic activity against all the Gram negative 
bacterial pathogens causing diseases in 
aquaculture (Table 1). The ethyl acetate extract 
(1000 µg/ml) obtained from the isolate showed 
significant antimicrobial activity when compared 
with the standard, streptomycin (25 µg / disc).  
Antibacterial activity exhibited by the crude 
extract was equivalent to that of the activity of 
streptomycin (Figure 2E, 2F).  
The observed morphology of the isolates 
was compared with the Actinomycetes 
morphology provided in Bergey’s Manual for the 
presumptive identification of the isolates. The 
aerial mycelium is unbranched, white in color 
with sparse substrate mycelium. In the optimized 
yeast extract agar (ISP1) medium supplemented 
with sea water the isolate produces white spore 
mass. In brief, the isolated strains were Gram 
positive, non-motile exhibiting various 
biochemical characteristics (Table. 2) revealed the 
presence of Streptomyces tanashiensis, (4 strains), 
S. viridobrunneus (4 strains) and S. bacillaris (2 
strains). Out of these ten active strains only 5 
strains showed broad spectrum activity against the 
aquaculture pathogens and they belonged to 
Streptomyces tanashiensis, (3 strains), S. 
viridobrunneus (1 strains) and S. bacillaris (1 
strain).  Growth of these isolates was noticed at 
different temperatures (25, 30, 37, 42oC); pH (8, 
9, 10) and NaCl concentrations (2%, 5%, 7%, 
10%).  
Polymerase chain reaction assay using the 
purified DNA samples obtained from the 10 
specific cultures with PCR conditions using 16S 
rRNA specific primers revealed the presence of 
product with a band size of 650 bp (Figure 3). The 
BLAST (Basic local alignment search tool) search 
of the 16S rDNA sequence of the isolates showed 
maximum (100%) similarity with Streptomyces 
spp. Sequences were submitted to GenBank of 
NCBI for their accession numbers as viz., 
JX155770 (R1), JX155771 (R2), JX155772 (R3), 
JX155773 (R4), JX155774 (R5), JX155775 (R6), 
JX155776 (R7), JX155777 (R8), JX155778 (R9), 
JX155779 (R10). 
 
Fig. 3.   PCR for the detection of Actinomycetes specific 16S 
rRNA gene (650 bp). Lane M: DNA ladder (100 bp); Lanes 1 
to 10: Actinomycetes cultures MSA 4, 17, 36, 44, 59, 63, 
84,111,123,134 ; Lanes 1–3: Actinomycetes cultures isolated 
from marbouth sediment; Lanes 4-6: cultures isolated from 
sediment collected at 10 m depth and Lanes 7-10: cultures 
isolated from sediment samples collected from 20 m depth; 
lane 11: PCR negative control. 
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Table 1  Antibacterial activity of the potent isolates and ethylacetate extract against the selected bacterial pathogens  






MAS44 MAS59 MAS84 MAS123 MAS134 
  isolate extract isolate extract isolate extract isolate extract isolate extract 
A. hydrophilla 34 32 32 14 15 25 34 24 35 40 32 
V. anguillarum O1 25 17 25 15 20 30 25 20 18 25 28 
V. parahaemolyticus 35 35 33 20 30 34 33 18 25 27 35 
V. harveyi 30 30 30 30 23 34 30 17 19 23 29 
V. anguillarum A1 18 20 23 30 20 22 15 25 15 24 15 
V. alginolyticus 4439 29 25 25 R 25 17 32 20 26 25 23 
V. vulnificus 1145 25 15 30 20 23 R 25 20 23 40 25 
R: resistant 
Table 2 Biochemical characteristics of the potent isolates with broad spectrum activity  
Tests MAS44 MAS59 MAS84 MAS123 MAS134 
Gram staining + + + + + 
Catalase + + + + + 
Oxidase + + + + - 
MR - - - - - 
VP - - - - - 
Indole - - - - - 
H2S production + + + + - 
Nitrate reduction - - - - - 
Citrate utilization - - - - - 
Casein hydrolysis - - - - - 
Gelatin liquefaction + + + + + 
Urea - - - - - 
Triple sugar iron agar alkaline alkaline alkaline alkaline Alkaline 
Acid production from      
Arabinose - - - - - 
Galactose - - - + + 
Glucose + + + + + 
Mannitol - - - - + 
Raffinose - - - - - 
Salicin - - - - - 
Xylose - - - - - 
Sucrose - - - - - 
Rhamnose - - - - - 
Inositol - - - - - 
Fructose - - - - + 
Growth at 15oC - - - - + 
Growth at 25oC + + + + + 
Growth at 37oC + + + - + 
Growth at 42oC + + + - + 
Growth at pH 5.0 - - - - - 
Growth at pH 8.0 + + + + + 
Growth at pH 9.0 + + + + + 
Growth at pH 10.0 + + + + + 
Growth at 2% NaCl + + + + + 
Growth at 5% NaCl + + + + + 
Growth at 7% NaCl - - - - - 
Growth at 10% NaCl - - - - - 
 
MAS44, MAS59, MAS84: Streptomyces tanashiensis; MAS123: S. viridobrunneus; MAS 134: S. Bacillaris 
Phylogenetic tree was constructed with 
the ten strains (R1, R2, R3, R4, R5, R6, R7, R8, 
R9, R10) isolated from marine sediments and 
these strains having homology with the similar 
sequences were downloaded from NCBI, an 
outgroup (Bacillus subtilis) was added for 
bootstrap analysis using neighbour joining 
method (Mega 4.0 software). The cluster analysis 
revealed the presence of 2 major clusters under 
the root. The cluster showing 99% similarity (R1, 
R2, R3) formed a single group and rest of the 
isolates clustered into another group while 
Bacillus subtilis which was included as an 
outgroup formed a separate cluster (Figure 4). 
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Fig. 4.  Dendrogram illustrating the clustering of 16S rRNA 
profile of Streptomyces spp. from marine sediment samples. 
Bars are shown at each node, values at each node represents 
the replications of 100 corresponding to the standard 
deviation of values in that region of the similarity matrix. 
The average and the standard deviation of similarity values 
for the selected nodes are shown above the dendrogram. The 
similarity scale is shown below this dendrogram 
Discussion 
In the present study, marine sediment 
samples were collected from mangrove area and 
from three different depths off Cochin along the 
southwest coast of India for a period of one year 
with an objective to isolate antagonistic 
Streptomycetes. Different media along with 
various pre-treatments was tried for the isolation 
of these Gram positive bacteria. The results of this 
study indicated that not only the population 
density of streptomycetes but also more number 
of isolates showing broad spectrum activity were 
obtained from the samples plated on starch casein 
agar treated with CaCO3 collected from mangrove 
area and deeper waters (20 m). Isolates with broad 
spectrum activity were also obtained from 
sediments collected from 10 m and 20 m depth 
but none of the isolates obtained from nearshore 
region were found to give potent activity.  
Reasons attributed for this can be the dominance 
of pathogenic microflora in these areas. However, 
few authors have reported the incidence of 
antagonistic actinobacteria from surface 
seawaters32 growing in various media23. Sahoo & 
Dhal33 (2009) reported mangrove ecosystems as a 
source of predominant potential microbes having 
high specificity for various applications. 
Chakraborty et al.34 reported the antibacterial 
properties of crude extracts obtained from Ulva 
fasciata. Identification of potent strains by both 
morphological and growth characteristics revealed 
the presence of white and grey isolates with 
powdery appearance having aerial hypae and 
substrate mycelium.  
In the present study only 3.7% of the 
strains having broad spectrum antagonistic 
activity against all the tested aquaculture 
pathogens were found. While Alexander35 found 
above 20% of the isolates exhibiting antibacterial 
activity, whereas Ellaiah and Reddy36 reported 
little lesser percentage (18%) of the actinomycetes 
to have the antimicrobial activity. These isolates 
showing activity against the tested bacterial fish 
pathogens were characterized based on 
morphological characteristics37, 20, 38. Further 
based on the biochemical, physiological and 16S 
rRNA partial gene sequencing data all (100%) the 
isolates were assigned to the genus Streptomyces 
revealed the presence of Streptomyces 
tanashiensis as the dominant species followed by 
S. viridobrunneus and S. bacillaris having broad 
spectrum antimicrobial activity against the tested 
fish pathogens. In a similar study carried out by 
Remya and Viyayakumar32 reported Streptomyces 
as the dominant genera (47%) isolated from 
Kerala coast having antibacterial and antifungal 
property but a very meager number of these 
isolates (two) showed broad spectrum activity. 
Frequency and dominance of Streptomyces among 
actinomycetes in various soil types were reported 
by several workers15, 18, 39, 40. Almost all the 
Streptomyces isolates studied here were found to 
exhibit similar morphological and biochemical 
characters with the published literature32. Methods 
for the isolation of genomic DNA and PCR was 
standardized using the primers specific for 16S 
rRNA and sequencing results showed 100% 
homology for Streptomyces spp confirming their 
identity to the genus level. All these five isolates 
were identified to species level based on their 
biochemical characteristics viz., Streptomyces 
tanashiensis, (3 strains), S. viridobrunneus (1 
strains) and S. bacillaris (1 strain).   
Cultures were deposited to MTCC, 
Chandigarh. Phylogenetic tree constructed by 
neighbour joining method using Mega 4.0 
software indicated the presence of 2 major 
clusters under the root. The cluster showing 99% 
similarity belonged to the Streptomyces 
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tanashiensis, while 76% similarity was found in 
the clusters of S. viridobrunneus and S. bacillaris, 
respectively. In a similar study carried by Usha et 
al.41, along the east coast isolated a strain 
belonging to Streptomyces parvulus KUAP106 
having not only inhibitory effect against the 
prokaryotic and eukaryotic microorganisms but 
also antiangiogenisis activity. 16S rRNA gene 
sequence analysis of this study revealed that strain 
S. tanashiensis was most closely related to a 
similar strain, Streptomyces tanashiensis (Kala 
UC-5063) isolated by Johnson and Dietz42 from 
which ‘Kalafungin’ a new antimicrobial agent 
having inhibitory activity against a variety of 
pathogenic fungi, yeasts, protozoa, gram-positive 
bacteria, and, to a lesser extent, gram-negative 
bacteria was isloated. Dastager et al.,43 reported 
the isolation and identification of S. gulbargensis 
isolated from soil samples of Karnataka. This 
particular strain was able to produce alkaline 
protease and was further used to remove the blood 
stains from surgical instruments and cotton 
cloths44. 16S rRNA gene sequence data analysis 
in many other species of actinomycetes like 
Micromonospora revealed that they are active in 
the anti-tumor. Indeed, this also applies to the 
isolates assigned to some other taxa, such as the 
genera Rhodococcus, Nomomuraea and 
Verrucosispora, thereby indicating that marine 
habitats are likely to be a good source of rare 
actinomycetes. It is becoming increasingly 
evident that the taxonomic and metabolic 
diversity encompassed by streptomycetes is 
remarkable, as new and putatively novel 
Streptomyces species are being continuously 
isolated from under-researched habitats and 
shown to be valuable sources of new bioactive 
compounds45-47. The 16S rRNA gene sequence 
data acquired in the present study provided further 
evidence of this trend. 
Conclusion 
Based on the screening result, it has been 
shown that the marine sediments off Cochin along 
the southwest coast of India has a potential for the 
isolation of antibiotic producing streptomycetes 
against the bacteria causing diseases in 
aquaculture thereby underpinning and extending 
results from previous studies which showed 
marine sediments at higher depths to be the source 
of bioactive Streptomyces. Further, these 
antibiotic producing Streptomyces may be tapped 
as one of the potential source for bioactive 
metabolites to provide high quality biological 
material for high throughput biochemical, anti-
cancer and anti-infection screening programmes. 
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